FLUORESCENCE IMAGING APPARATUS 



BACKGROUND OF THE INVENTION 
Field of the Invention 

This invention relates to a fluorescence imaging 
apparatus for imaging fluorescence, which has been produced 
from a measuring site when excitation light is irradiated 
to the measuring site. 

Description of the Related Art 

It has heretofore been known that, in cases where 
excitation light having wavelengths falling within an 
excitation wavelength range for an intrinsic dye in a living 
body is irradiated to the living body, a fluorescence spectrum 
of fluorescence produced by the intrinsic dye in the living 
body varies for normal tissues and diseased tissues. Figure 
9 shows typical fluorescence spectra of the fluorescence 
produced from normal tissues and the fluorescence produced 
from diseased tissues, which fluorescence spectra have been 
measured by the inventors. It is assumed that the thus 
produced fluorescence results from superposition of the 
fluorescence produced by various kinds of intrinsic dyes in 
the living body, such as FAD, collagen, fibronectin, and 
porphyrin . 

There have heretofore been proposed systems 
wherein, by the utilization of the characteristics such that 
the fluorescence spectrum of the fluorescence produced by 




the intrinsic dye in the living body varies for the normal 
tissues and the diseased tissues, the fluorescence, which 
has been produced from a measuring site in a living body when 
the excitation light is irradiated to the measuring site, 
is imaged, a fluorescence image reflecting the intensity or 
the spectrum of the fluorescence is displayed on a monitor, 
and location and an infiltration range of the diseased tissues 
are thereby displayed as a change in color. In such systems, 
ordinarily, fluorescence imaging apparatuses for imaging the 
fluorescence, which has been produced from the measuring site 
in the living body when the excitation light is irradiated 
to the measuring site, are utilized. 

However, the fluorescence imaging apparatuses 
have the problems in that the fluorescence, which is produced 
from the measuring site in the living body when the excitation 
light is irradiated to the measuring site, is weak and apt 
to be adversely affected by noise. In particular, a dark 
current occurring due to diffused current, and the like, 
constitutes noise depending upon a pixel size, an exposure 
time, a reading time, a temperature, and the like, and causes 
the signal-to-noise ratio of the fluorescence image to become 
low . 

SUMMARY OF THE INVENTION 
The primary object of the present invention is to 
provide a fluorescence imaging apparatus for imaging 
fluorescence, which has been produced from a measuring site 
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when excitation light is irradiated to the measuring site, 
wherein a dark current occurring at the time of the imaging 
is reduced, and a fluorescence image having a high 
signal-to-noise ratio is capable of being obtained. 

The present invention provides a first 
fluorescence imaging apparatus, comprising: 

i) excitation light irradiating means for 
irradiating excitation light to a measuring site, the 
excitation light causing the measuring site to produce 
fluorescence , 

ii) imaging means for imaging the fluorescence, 
which has been produced from the measuring site when the 
excitation light is irradiated to the measuring site, and 

iii) imaging control means for controlling 
operations of the imaging means, 

wherein the imaging means is provided with an image 
sensor, which comprises a plurality of pixels arrayed in 
two-dimensional directions and which has a fluorescence 
imaging region utilized for the imaging of the fluorescence 
and a non- imaging region other than the fluorescence imaging 
region, and 

the imaging control means controls such that, when 
signal charges are to be read from the image sensor, signal 
charges, which have been accumulated in at least certain 
pixels among pixels falling within the non-imaging region, 
are read with a quick reading operation, in which the signal 
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charges are read at a reading speed higher than the reading 
speed for the fluorescence imaging region. 

The present invention also provides a second 
fluorescence imaging apparatus, comprising: 

i) excitation light irradiating means for 
irradiating excitation light to a measuring site, the 
excitation light causing the measuring site to produce 
fluorescence , 

ii) imaging means for imaging the fluorescence, 
which has been produced from the measuring site when the 
excitation light is irradiated to the measuring site, and 

iii) imaging control means for controlling 
operations of the imaging means, 

wherein the imaging means is provided with an image 
sensor, which comprises a plurality of pixels arrayed in 
two-dimensional directions and which has a fluorescence 
imaging region utilized for the imaging of the fluorescence 
and a non- imaging region other than the fluorescence imaging 
region, and 

the imaging control means controls such that, when 
signal charges are to be read from the image sensor, signal 
charges, which have been accumulated in at least certain 
pixels among pixels falling within the non- imaging region, 
are read with a binning reading operation, in which the signal 
charges having been accumulated in a plurality of the pixels 
are added together, and a total sum signal charge having been 
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obtained from the addition is read. 

The present invention further provides a third 
fluorescence imaging apparatus, comprising: 

i) excitation light irradiating means for 
irradiating excitation light to a measuring site, the 
excitation light causing the measuring site to produce 
fluorescence , 

ii) imaging means for imaging the fluorescence, 
which has been produced from the measuring site when the 
excitation light is irradiated to the measuring site, and 

iii) imaging control means for controlling 
operations of the imaging means, 

wherein the imaging means is provided with an image 
sensor, which comprises a plurality of pixels arrayed in 
two-dimensional directions and which has a fluorescence 
imaging region utilized for the imaging of the fluorescence 
and a non- imaging region other than the fluorescence imaging 
region, and 

the imaging control means controls such that, when 
signal charges are to be read from the image sensor, signal 
charges, which have been accumulated in at least certain 
pixels among pixels falling within the non- imaging region, 
are prevented from being read. 

The present invention still further provides a 
fourth fluorescence imaging apparatus, comprising: 

i) excitation light irradiating means for 
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irradiating excitation light to a measuring site, the 
excitation light causing the measuring site to produce 
fluorescence , 

ii) imaging means for imaging the fluorescence, 
which has been produced from the measuring site when the 
excitation light is irradiated to the measuring site, and 

iii) imaging control means for controlling 
operations of the imaging means, 

wherein the imaging means is provided with a charge 
transfer type of image sensor, which comprises a plurality 
of pixels arrayed in two-dimensional directions and which 
has a fluorescence imaging region utilized for the imaging 
of the fluorescence and a non- imaging region other than the 
fluorescence imaging region, and 

the imaging control means controls such that, when 
signal charges are to be read from the image sensor, signal 
charges, which have been accumulated in pixels falling within 
a certain area of the non - imaging region, are read with either 
one of a quick reading operation, in which the signal charges 
are read at a reading speed higher than the reading speed 
for the fluorescence imaging region, and a binning reading 
operation, in which the signal charges having been 
accumulated in a plurality of the pixels are added together, 
and a total sum signal charge having been obtained from the 
addition is read, and signal charges, which have been 
accumulated in pixels falling within the other area of the 



non- imaging region, are prevented from being read. 

In the third and fourth fluorescence imaging 
apparatuses in accordance with the present invention, the 
image sensor should preferably be provided with a clearing 
section for clearing signal charges, which have been 
accumulated in pixels. 

Also, the third and fourth fluorescence imaging 
apparatuses in accordance with the present invention should 
preferably be modified such that the image sensor is provided 
with horizontal shifting means, from which the signal charges 
are read in one direction, 

the imaging control means controls such that the 
signal charges having been accumulated in the pixels are 
transferred to the horizontal shifting means and are then 
read from the horizontal shifting means, and 

the fluorescence imaging region is located at a 
position shifted from a center position on an imaging surface 
of the image sensor toward a side corresponding to a read-out 
side of the horizontal shifting means. 

The present invention also provides a fifth 
fluorescence imaging apparatus, comprising: 

i) excitation light irradiating means for 
irradiating excitation light to a measuring site, the 
excitation light causing the measuring site to produce 
fluorescence , 

ii) imaging means for imaging the fluorescence, 



which has been produced from the measuring site when the 
excitation light is irradiated to the measuring site, and 

iii) imaging control means for controlling 
operations of the imaging means, 

wherein the imaging means is provided with a random 
access type of image sensor, which comprises a plurality of 
pixels arrayed in two-dimensional directions and which has 
a fluorescence imaging region utilized for the imaging of 
the fluorescence and a non- imaging region other than the 
fluorescence imaging region, and 

the imaging control means controls such that, when 
signal charges are to be read from the image sensor, only 
the signal charges, which have been accumulated in pixels 
falling within the fluorescence imaging region, are read. 

It is sufficient for the charge transfer type of 
image sensor described above to be an image sensor, in which 
signal charges of pixels are successively transferred in 
parallel and in one direction, and from which the signal 
charges are then read. No limitation is imposed upon the kind 
of the pixels of the charge transfer type of image sensor. 
By way of example, the pixels of the charge transfer type 
of image sensor may be constituted of photodiodes, charge 
coupled devices (CCD's), or the like. 

Also, it is sufficient for the random access type 
of image sensor described above to be an image sensor, from 
which the signal charges of pixels are read randomly. No 
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limitation is imposed upon the kind of the pixels of the random 
access type of image sensor. By way of example, the pixels 
of the random access type of image sensor may be constituted 
of photodiodes, metal oxide semiconductor (MOS) types of 
transistors, or the like. 

With the first fluorescence imaging apparatus in 
accordance with the present invention, the signal charges, 
which have been accumulated in at least certain pixels among 
the pixels falling within the non- imaging region other than 
the fluorescence imaging region, are read with the quick 
reading operation, in which the signal charges are read at 
a reading speed higher than the reading speed for the 
fluorescence imaging region. Therefore, the time required 
to read the signal charges from the pixels of the non- imaging 
region is capable of being kept short. Accordingly, the 
reading time for the entire image sensor is capable of being 
kept short, the dark current depending upon the reading time 
is capable of being reduced, and the signal - to - noise ratio 
of the image formed with the imaging operation is capable 
of being enhanced. 

With the second fluorescence imaging apparatus in 
accordance with the present invention, the signal charges, 
which have been accumulated in at least certain pixels among 
the pixels falling within the non- imaging region other than 
the fluorescence imaging region, are read with the binning 
reading operation, in which the signal charges having been 



accumulated in a plurality of the pixels are added together, 
and the total sum signal charge having been obtained from 
the addition is read. Therefore, the time required to read 
the signal charges from the pixels of the non- imaging region 
is capable of being kept short. Accordingly, the reading 
time for the entire image sensor i s capable of being kept 
short, the dark current constituting noise contained in the 
image formed with the imaging operation is capable of being 
reduced, and the signal - to - noise ratio of the image formed 
with the imaging operation is capable of being enhanced. 

With the third fluorescence imaging apparatus in 
accordance with the present invention, the signal charges, 
which have been accumulated in at least certain pixels among 
the pixels falling within the non- imaging region other than 
the fluorescence imaging region, are prevented from being 
read. Therefore, the time required to read the signal 
charges from the pixels of the non- imaging region is capable 
of being kept short. Accordingly, the reading time for the 
entire image sensor is capable of being kept short, the dark 
current constituting noise contained in the image formed with 
the imaging operation is capable of being reduced, and the 
signal - to - noise ratio of the image formed with the imaging 
operation i s capable of being enhanced . 

With the fourth fluorescence imaging apparatus in 
accordance with the present invention, the signal charges, 
which have been accumulated in pixels falling within the 



certain area of the non- imaging region other than the 
fluorescence imaging region of the charge transfer type of 
image sensor, are read with either one of the quick reading 
operation, in which the signal charges are read at a reading 
5 speed higher than the reading speed for the fluorescence 

imaging region, and the binning reading operation, in which 
the signal charges having been accumulated in a plurality 
of the pixels are added together, and the total sum signal 
charge having been obtained from the addition is read. Also, 

j40 the signal charges, which have been accumulated in pixels 

~1 falling within the other area of the non- imaging region, are 

prevented from being read. Therefore, only the signal 
charges having been accumulated in the pixels, which it is 
necessary to read in order for the signal charges having been 

3G5 accumulated in the pixels of the fluorescence imaging region 

J~t to be read, are capable of being read. As a result, the time 

Tl required to read the signal charges from the pixels of the 

non- imaging region is capable of being kept short. 
Accordingly, the reading time for the entire image sensor 

20 is capable of being kept short, the dark current constituting 

noise contained in the image formed with the imaging operation 
is capable of being reduced, and the signal - to - noi se ratio 
of the image formed with the imaging operation is capable 
of being enhanced. 
25 With the third and fourth fluorescence imaging 

apparatuses in accordance with the present invention, wherein 
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the image sensor is provided with the clearing section for 
clearing signal charges, which have been accumulated in 
pixels, the signals charges remaining in the image sensor 
without being read are capable of being cleared easily. 

Also, in cases where the charge transfer type of 
image sensor is employed as the image sensor, in order for 
the signal charges having been accumulated in the pixels of 
the fluorescence imaging region to be read, it is necessary 
for the signal charges having been accumulated in the pixels 
falling within the area of the non- imaging region, which area 
is located on the side of the imaging surface corresponding 
to the read-out side of the horizontal shifting means, to 
be read. However, the signal charges having been accumulated 
in the pixels falling within the area of the non- imaging 
region, which area is located on the opposite side, i.e. the 
side of the imaging surface opposite to the side corresponding 
to the read-out side of the horizontal shifting means, need 
not be read. Therefore, in cases where the fluorescence 
imaging region of the image sensor is located at a position 
shifted from the center position on the imaging surface of 
the image sensor toward the side corresponding to the read-out 
side of the horizontal shifting means, the number of the 
pixels falling within the area of the non-imaging region, 
from which pixels the signal charges should be read, becomes 
small. Accordingly, the reading time for the entire image 
sensor is capable of being minimized. 



With the fifth fluorescence imaging apparatus in 
accordance with the present invention, only the signal 
charges having been accumulated in the pixels falling within 
the fluorescence imaging region of the random access type 
5 of image sensor are read. Therefore, the reading time for 

the entire image sensor is capable of being kept short, the 
dark current depending upon the reading time is capable of 
being reduced, and the signal-to-noise ratio of the image 
formed with the imaging operation is capable of being 
plO enhanced. 

BRIEF DESCRIPTION OF THE DRAWINGS 
^ V Vig ur e 1 is a schematic view showing an endoscope 




system, in which a&Vfi)rst embodiment of the fluorescence 
imaging apparacp/in accordance with the present invention 
fi|5 is employed, 

Cj Figure 2 is a schematic view showing a CCD image 

n sensor employed in the endoscope system, in which the first 

embodiment of the fluorescence imaging apparatus in 
accordance with the present invention is employed, 
20 Figure 3 is an enlarged explanatory view showing 

part of the CCD image sensor of Figure 2, 

Figure 4 is a schematic view showing a mosaic 

filter. 

Figure 5 is an explanatory view showing signal 
25 charges having been transferred to a horizontal shift 

register, 



13 



Figure 6 is a schematic view showing a MOS type 
of image sensor employed in an endoscope system, in which 
a second embodiment of the fluorescence imaging apparatus 
in accordance with the present invention is employed, 

Figure 7 is an enlarged explanatory view showing 
part of the MOS type of image sensor of Figure 6, 

Figure 8 is a schematic view showing a CCD image 
sensor employed in an endoscope system, in which a third 
embodiment of the fluorescence imaging apparatus in 
accordance with the present invention is employed, and 

Figure 9 is a graph showing spectral intensity 
distributions of fluorescence produced from normal tissues 
and fluorescence produced from diseased tissues. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
^he present invention will hereinbelow be 
described in further detail with reference to the 
accompanying drawings . 

Firstly, an endoscope system, in which a first 
embodiment \f the fluorescence imaging apparatus in 
accordance wiVh tlie^resent j invention is employed, will be 
described hereis^elo^Kwitj/ reference to Figure 1 to Figure 
5. Figure 1 is a schema/tic view showing the endoscope system, 
in which the f irs t ^embodiment of the fluorescence imaging 
apparatus in accordance with the present invention is 
employed. In the endoscope system, in which the first 
embodiment of the fluorescence imaging apparatus in 
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accordance with the present invention is employed, excitation 
light is irradiated to a measuring site in a living body, 
the excitation light causing the measuring site to produce 
fluorescence. The fluorescence produced from the measuring 
site is detected by a CCD image sensor, which is located at 
a leading\end of an endoscope. The thus detected 
fluorescence image is displayed on a monitor and as a pseudo 
color image\in accordance with a ratio between signal 
intensities a£ f luore^eOTce^mponents of the fluorescence, 
which fluoresaence^ components haye wavelengths falling 
within predetermined wavelength regions. When signal 
charges having belen accumulated in the CCD image sensor, are 
to be read from thV-eOT image sensor, signal charges, which 
have been accumulated in pixels falling within a non- imaging 
region other than a fluorescence imaging region, are read 
with a quick reading dtoeration, wherein the signal charges 
are read at a reading stoeed higher than the reading speed 
at which the signal charged having been accumulated in pixels 
falling within the fluorescence imaging region are read. 

The endoscope system, in which the first embodiment 
of the fluorescence imaging apparatus in accordance with the 
present invention is employed, is provided with the CCD image 
sensor, which is a charge transfer type of image sensor, at 
the leading end of the endoscope. The endoscope system 
comprises an endoscope 100 to be inserted into a region of 
a patient, which region is considered as being a diseased 



part, and an illuminating unit 110 provided with a light 
source for producing the excitation light, which is used when 
an imaging operation for detecting the fluorescence image 
is to be performed. The endoscope system also comprises a 
CCD driver 120 for controlling the operations of the CCD image 
sensor- The endoscope system further comprises an image 
processing unit 130 for performing image processing for 
displaying the fluorescence image as a pseudo color image 
in accordance with the ratio between signal intensities of 
fluorescence components of the fluorescence, which 
fluorescence components have wavelengths falling within 
predetermined wavelength regions. The endoscope system 
still further comprises a controller 140, which controls 
operation timings. The endoscope system also comprises a 
monitor 150 for displaying the fluorescence image 
(specifically, the pseudo color image of the fluorescence 
image) . 

A light guide 101 and a CCD cable 102 extend in 
the endoscope 100 up to a leading end of the endoscope 100. 
An illuminating lens 104 is located at a leading end of the 
light guide 101, i.e. at the leading end of the endoscope 
100. An objective lens 105 is located at a leading end of 
the CCD cable 102, i.e. at the leading end of the endoscope 
100. A CCD image sensor 108 is connected to the leading end 
of the CCD cable 102. A mosaic filter 106, which comprises 
fine band-pass filters arrayed in a mosaic form, is combined 



with the CCD image sensor 108. Also, a prism 109 is mounted 
on the CCD image sensor 108. 

The CCD image sensor 108 is an interline type of 
CCD image sensor. As illustrated in Figure 2, the CCD image 
sensor 108 is provided with an imaging surface 21, which 
comprises an array of n*(4/3)n pixels having a square shape. 
The CCD image sensor 108 is also provided with a horizontal 
shift register 22 and an output circuit 23. 

In the CCD image sensor 108, a region inward from 
a circle inscribed in the peripheral sides of the imaging 
surface 21 is a fluorescence imaging region 24, which is 
utilized for the imaging of the fluorescence. Areas outward 
from the fluorescence imaging region 24 in the imaging surface 
21 are the areas forming a non- imaging region 25. The areas 
forming the non- imaging region 25 other than the fluorescence 
imaging region 24 are blocked by thin metal films, and the 
like. The area of the fluorescence imaging region 24 
occupies 59% of the area of the imaging surface 21. The 
non- imaging region 25 occupies 41% of the area of the imaging 
surface 21. 

Figure 3 is an enlarged explanatory view showing 
part of the CCD image sensor 108 of Figure 2. Each of pixels 
26, 26, ... is constituted of a photodiode 27 for performing 
photoelectric conversion and a vertical transfer CCD 28 for 
performing vertical transfer of a signal charge. The 
horizontal shift register 22 is constituted of (4/3) n number 



of horizontal transfer CCD's 29, 29, ... 

As illustrated in Figure 4, the mosaic filter 106 
comprises blue band-pass filters 107a, 107a, . . . and entire 
wavelength band-pass filters 107b, 107b, which are 

arrayed alternately. The blue band-pass filters 107a, 
107a, . . . transmit only fluorescence components having 
wavelengths falling within a wavelength region of 430nm to 
520nm. The entire wavelength band-pass filters 107b, 
107b, . . . transmit fluorescence components having 
wavelengths falling within a wavelength region of 430nm to 
700nm. Each of the band-pass filters of the mosaic filter 
106 corresponds to one of pixels in the CCD image sensor 108. 

The light guide 101 is constituted of a quartz glass 
fiber and is connected to the illuminating unit 110. The CCD 
cable 102 comprises a driving line 103a, through which a 
driving signal for the CCD image sensor 108 is transmitted, 
and an output line 103b, through which the signal charges 
are read from the CCD image sensor 108 . One end of the driving 
line 103a is connected to the CCD driver 120. One end of the 
output line 103b is connected to the image processing unit 
130 . 

The illuminating unit 110 comprises a GaN type of 
semiconductor laser 111 for producing excitation light LI, 
which is used when the imaging operation for detecting the 
fluorescence image is to be performed, and an electric power 
source 112, which is electrically connected to the GaN type 
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of semiconductor laser 111. 

The image processing unit 130 comprises a signal 
processing circuit 131 for forming pseudo color image signals 
from the fluorescence image having been detected by the CCD 
image sensor 108. The image processing unit 130 also 
comprises an analog - to - digital converting circuit 132 for 
digitizing the pseudo color image signals, which have been 
obtained from the signal processing circuit 131. The image 
processing unit 130 further comprises a fluorescence image 
memory 133 for storing the digital pseudo color image signals, 
which have been obtained from the analog - to - digi tal 
converting circuit 132. The image processing unit 130 still 
further comprises a digi tal - to - analog converting circuit 134 
for performing digital-to-analog conversion on the pseudo 
color image signals, which have been received from the 
fluorescence image memory 133 . The image processing unit 13 0 
also comprises a fluorescence image encoder 135 for 
transforming the pseudo color image signals, which have been 
received from the digi tal - to - analog converting circuit 134, 
into video signals. The controller 140 is connected to 
respective devices and controls the operation timings. 

The CCD driver 120 constitutes the imaging control 
means of the fluorescence imaging apparatus in accordance 
with the present invention. In the CCD driver 120, 
information, which represents the locations of the 
fluorescence imaging region 24 and the non- imaging region 



25 on the CCD image sensor 108, and reading control procedures 
have been stored previously. 

How the endoscope system, in which the first 
embodiment of the fluorescence imaging apparatus in 
accordance with the present invention is employed, operates 
will be described hereinbelow. 

The electric power source 112 for the GaN type of 
semiconductor laser 111 is driven in accordance with a control 
signal fed from the controller 140, and the excitation light 
LI having a wavelength of 410nm is produced by the GaN type 
of semiconductor laser 111. The excitation light LI passes 
through a lens 113 and impinges upon the light guide 101. 
The excitation light LI is guided through the light guide 
101 to the leading end of the endoscope 100, passes through 
the illuminating lens 104, and is irradiated to the measuring 
site 10. 

When the measuring site 10 is exposed to the 
excitation light LI, the fluorescence L2 is produced from 
the measuring site 10. The fluorescence L2 is converged by 
the objective lens 105 and reflected by the prism 109. The 
fluorescence L2 then passes through the mosaic filter 106 
and is received by the CCD image sensor 108. 

In the CCD image sensor 108, the photodiodes 27, 
27, ... of the pixels 26, 26, . . . photoelec trically convert 
the incident fluorescence into electric signals in accordance 
with fluorescence intensities . After a predetermined length 



of time, the signal charges having been accumulated in the 
photodiodes 27, 27, ... are transferred simultaneously into 
the vertical transfer CCD's 28, 28, which are adjacent 

to the photodiodes 27, 27, ... Thereafter, the vertical 
transfer CCD's 28, 28, ... transfer the signal charges in 
parallel and in the vertical direction. The signal charges, 
which have been transferred in the vertical direction, are 
successively fed into the horizontal transfer CCD 's 29, 29 , 
of the horizontal shift register 22. 

In the horizontal shift register 22, when the 
signal charges of the pixels arrayed in one horizontal line 
have been received, the signal charges are transferred in 
the horizontal direction and are read via the output circuit 
2 3 , which is located at the right end . After all of the signal 
charges in the horizontal transfer CCD's 29, 29, ... have 
been read, the signal charges of the next horizontal line 
are transferred from the vertical transfer CCD's 28, 28, ... 
into the horizontal transfer CCD's 29, 29, ... The 
operations described above are iterated, and the signal 
charges having been accumulated in the pixels are read one 
after another, beginning with the signal charge of the pixel 
located at the right bottom of the imaging surface 21. After 
the signal charges of one horizontal line have been read, 
the signal charges of the next upper horizontal line are read. 
In this manner, the signal charges of all pixels, i.e. the 
signal charges corresponding to one image plane, are read. 



How the reading operation for reading the signal 
charges from the horizontal shift register 22 is performed 
will be described hereinbelow with reference to Figure 5. 
Figure 5 is an explanatory view showing the signal charges 
of the pixels arrayed along an i - th line, which signal charges 
have been transferred to the horizontal shift register 22. 

Specifically, the signal charges, which have been 
accumulated with the imaging with the fluorescence imaging 
region 24 of the imaging surface 21, have been transferred 
into the horizontal transfer CCD's 29, 29, ... ranging from 
the k-th horizontal transfer CCD 29 to the k ' - th horizontal 
transfer CCD 29, which are represented by the formulas shown 
below . 

k = (2/3)n--7ni-i 2 -1 
k'=(2/3)n + Vni-i 2 +1 

Also, the signal charges, which have been 
accumulated with the imaging with the left area of the 
non- imaging region 25 of the imaging surface 21, have been 
transferred into the horizontal transfer CCD's 29, 29, ... 
ranging from the first horizontal transfer CCD 29 at the left 
end to the (k- 1) - th horizontal transfer CCD 29 . Further, the 
signal charges, which have been accumulated with the imaging 
with the right area of the non- imaging region 25 of the imaging 
surface 21, have been transferred into the horizontal 
transfer CCD's 29, 29, ... ranging from the (k'+D-th 



horizontal transfer CCD 29 to the (4/3)n-th horizontal 
transfer CCD 29 at the right end. 

The signal charges necessary for the displaying 
of the fluorescence image are only the signal charges, which 
have been transferred into the horizontal transfer CCD's 29, 
29, ... ranging from the k-th horizontal transfer CCD 29 to 
the k'-th horizontal transfer CCD 29. The signal charges 
having been transferred into the other horizontal transfer 
CCD's 29, 29, ... are the unnecessary signal charges. 

Ordinarily, in cases where the signal charges are 
to be read from the horizontal shift register 22 via the output 
circuit 23, the signal charges are read at a predetermined 
speed, such that noise may be prevented from occurring. 
However, in cases where the unnecessary signal charges are 
to be read, the occurrence of noise need not be taken into 
consideration, and therefore the reading speed is capable 
of being set at a high speed. 

In the CCD driver 120, the information, which 
represents the locations of the fluorescence imaging region 
24 and the non- imaging region 25 on the imaging surface 21, 
and the information, which represents the values of k and 
k' corresponding to each line, have been stored previously. 
The CCD driver 120 controls such that, when the signal charges 
of the i - th line are to be read from the horizontal shift 
register 22, the signal charges having been transferred into 
the horizontal transfer CCD's 29, 29, ... ranging from the 



k-th horizontal transfer CCD 29 to the k 1 - th horizontal 
transfer CCD 29 are read at the predetermined speed. Also, 
the CCD driver 120 controls such that, when the signal charges 
of the i - th line are to be read from the horizontal shift 
register 22, the signal charges, which have been transferred 
into the horizontal transfer CCD's 29, 29, . . . ranging from 
the first horizontal transfer CCD 29 at the left end to the 
(k-1) -th horizontal transfer CCD 29, and the signal charges, 
which have been transferred into the horizontal transfer 
CCD's 29, 29, ... ranging from the (k'+U-th horizontal 
transfer CCD 29 to the (4/3)n-th horizontal transfer CCD 29 
at the right end, are read at a speed 10 times as high as 
the predetermined speed described above. 

In the signal processing circuit 131, the processes , 
such as correlative double sampling, clamping, blanking, and 
amplification, are performed on the signals, which have been 
read from the pixels 26, 26, ... falling within the 
fluorescence imaging region 24, among the signals having been 
obtained from the CCD image sensor 108. Thereafter, with 
respect to each pixel pair, a signal intensity B2 of the 
fluorescence components of the fluorescence L2, which 
fluorescence components have wavelengths falling within the 
blue wavelength region and have passed through the blue 
band-pass filters 107a, 107a, . . . , and a signal intensity 
W2 of the fluorescence components of the fluorescence L2 , 
which fluorescence components have wavelengths falling 



within the entire measurement wavelength region and have 
passed through the entire wavelength band-pass filters 107b, 
107b, are detected. Also, with respect to each pixel 

pair, color difference matrix operations according to an NTSC 
5 method are performed by utilizing the signal intensity B2 

and the signal intensity W2 . In this manner, a pseudo 
luminance signal Y2 and pseudo color difference signals R2-Y2 
and B2-Y2, which act as the pseudo color image signals, are 
calculated . 

j.0 The pseudo color image signals (i.e., the pseudo 

*f* luminance signal Y2 and the pseudo color difference signals 

^ R2-Y2 and B2-Y2), which are made up of pseudo color image 

if- signal components corresponding to respective pixels and have 

^ K been obtained from the signal processing circuit 131, are 

1% digitized by the analog - to - digi tal converting circuit 132. 

The thus obtained pseudo color image signals are stored in 
J=f the fluorescence image memory 133 . In accordance with the 

display timing, the pseudo color image signals are read from 
the fluorescence image memory 133 and are subjected to the 
20 digital-to-analog conversion in the digital-to-analog 

converting circuit 134. The pseudo color image signals are 
then transformed by the fluorescence image encoder 135 into 
predetermined video signals. The thus obtained video 
signals are fed from the fluorescence image encoder 135 into 
25 the monitor 150 and utilized for displaying a fluorescence 

image 11 . 
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The fluorescence image 11 is displayed with a 
pseudo color, such that the display color varies in accordance 
with the ratio between the signal intensity W2 of the 
fluorescence components, which have wavelengths falling 
5 within the entire measurement wavelength region, and the 

signal intensity B2 of the fluorescence components, which 
have wavelengths falling within the blue wavelength region. 
The tint of the pseudo color of the fluorescence image 11 
is determined by coefficients in matrix operation formulas 
yio employed in the signal processing circuit 131. 

J 5 - The coefficients described above should 

2i preferably be selected such that the difference between the 

s y ; J display color for the fluorescence, which has been produced 

!L from the normal tissues, and the display color for the 

yfl5 fluorescence, which has been produced from the diseased 

tissues, may be clear. For example, the pseudo color may be 
displayed by selecting the coefficients such that the 
fluorescence, which has been produced from the normal tissues , 
may be displayed in white, and the fluorescence, which has 
20 been produced from the diseased tissues, may be displayed 

in pink or in one of other colors. In such cases, the person, 
who sees the displayed image, is capable of easily recognizing 
the state of the diseased tissues. 

As described above, the signal charges, which have 
25 been accumulated in the pixels falling within the non- imaging 

region 25 other than the fluorescence imaging region 24 of 
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the CCD image sensor 108 acting as the charge transfer type 
of image sensor, are read with the quick reading operation, 
in which the signal charges are read at a reading speed higher 
than the reading speed for the fluorescence imaging region 
24. Therefore, the time required to read the signal charges 
from all of the pixels of the CCD image sensor 108 is capable 
of being kept short. Accordingly, the dark current depending 
upon the reading time is capable of being reduced, and the 
signal-to-noise ratio of the image formed with the imaging 
operation is capable of being enhanced. 

In the endoscope system, in which the first 
embodiment of the fluorescence imaging apparatus in 
accordance with the present invention is employed, the signal 
charges, which have been accumulated in the pixels falling 
within the non- imaging region 25 other than the fluorescence 
imagjingjregion 24, are read with the quick reading operation. 
In a modification of the first embodiment, the signal charges, 
which have been accumulated in the pixels falling within the 
non- imaging region 25 other than the fluorescence imaging 
region 24, may be read with a binning reading operation, in 
which the signal charges having been accumulated in a 
plurality of the pixels are added together, and the total 
sum signal charge having been obtained from the addition is 
read. In the modification of the first embodiment, the CCD 
driver 120 controls the reading of the signal charges from 
the horizontal shift register 22 such that, in cases where 



the signal charges, which have been accumulated in the pixels 
falling within the non- imaging region 25 and have then been 
transferred into the horizontal transfer CCD's 29, 29, 
i.e. the signal charges, which have been transferred into 
the horizontal transfer CCD's 29, 29, ... ranging from the 
first horizontal transfer CCD 29 at the left end to the 
(k-l)-th horizontal transfer CCD 29 illustrated in Figure 
5, and the signal charges, which have been transferred into 
the horizontal transfer CCD's 29, 29, ... ranging from the 
(k'+D-th horizontal transfer CCD 29 to the (4/3)n-th 
horizontal transfer CCD 29 at the right end in Figure 5, are 
to be read, the signal charges in each group of four horizontal 
transfer CCD's 29, 29, 29, 29 are added together, and 
thereafter the total sum signal charge having been obtained 
from each of the additions is read. 

For example, if the time required to read the signal 
charges from four horizontal transfer CCD's 29, 29, 29, 29 
with the ordinary reading operation is taken as 4, the signal 
charges in the four horizontal transfer CCD's 29, 29, 29, 
29 will be capable of being read within a time of approximately 
1.1 with the binning reading operation. Therefore, the time 
required to read the signal charges from all of the pixels 
of the CCD image sensor 108 is capable of being kept short. 
Accordingly, the dark current depending upon the reading time 
is capable of being reduced, and the signal - to - noise ratio 
of the image formed with the imaging operation is capable 
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of being enhanced. Alternatively, all of the signal charges, 
which have been transferred into the horizontal transfer 
CCD's 29, 29, . . . ranging from the first horizontal transfer 
CCD 29 at the left end to the (k-l)-th horizontal transfer 
CCD 29, and the signal charges, which have been transferred 
into the horizontal transfer CCD's 29, 29, ... ranging from 
the (k'+D-th horizontal transfer CCD 29 to the (4/3)n-th 
horizontal transfer CCD 29 at the right end, may be added 
together, and thereafter the total sum signal charge having 
been obtained from the addition may be read. In such cases, 
the reading time is capable of being minimized. 

The quick reading operation or the binning reading 
operation need not necessarily be performed with respect to 
the entire non- imaging region 25 and may be performed with 
respect to only desired areas of the non-imaging region 25. 
Also, the quick reading operation may be performed with 
respect to a certain area of the non- imaging region 25, and 
the binning reading operation may be performed with respect 
to one of the other areas of the non- imaging region 25. 

^n endoscope system, in which a second embodiment 
J of the fluorescence imaging apparatus in accordance with the 
present invention is ^m^loyed, will be described hereinbelow . 
The consti tution\f th^Ve*fdo scope system, in which the second 
embodiment of the fluorescence imaging apparatus in 
accordance with the present invention is employed, is 
approximately identical\ wi th the constitution of the 
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endoscope system, in which the first embodiment of the 
fluorescences imaging apparatus described above is employed. 
Therefore, onrv diff-e^ent elements are numbered with 
reference numerals in parentheses in Figure 1 . 

In the endoscope system, in which the second 
embodiment of the fluorescence imaging apparatus in 
accordance with the present invention is employed, the 
excitation light is irradiated to a measuring site in a living 
body, the excitation light causing the measuring site to 
produce the fluorescence. The fluorescence produced from 
the measuring site is detected by a MOS type of image sensor, 
which is located at a leading end of an endoscope. The thus 
detected fluorescence image is displayed on the monitor and 
as a pseudo color image in accordance with the ratio between 
the signal intensities of the fluorescence components of the 
fluorescence, which fluorescence components have 
wavelengths falling within predetermined wavelength regions . 
When the signal charges having been accumulated in the MOS 
type of image sensor, are to be read from the MOS type of 
image sensor, only the signal charges, which have been 
accumulated in the pixels falling within a fluorescence 
imaging region, are read. 

The endoscope system, in which the second 
embodiment of the fluorescence imaging apparatus in 
accordance with the present invention is employed, is 
provided with the MOS type of image sensor at the leading 



end of the endoscope. The endoscope system comprises an 
endoscope 200 to be inserted into a region of a patient, which 
region is considered as being a diseased part, and the 
illuminating unit 110 provided with a light source for 
producing the excitation light. The endoscope system also 
comprises a driver 210 for controlling the operations of the 
MOS type of image sensor. The endoscope system further 
comprises an image processing unit 220 for performing the 
image processing for displaying the fluorescence image as 
a pseudo color image in accordance with the ratio between 
signal intensities of fluorescence components of the 
fluorescence, which fluorescence components have 
wavelengths falling within predetermined wavelength regions . 
The endoscope system still further comprises a controller 
230, which controls operation timings. The endoscope system 
also comprises the monitor 150 for displaying the 
fluorescence image . 

The light guide 101 and a cable 202 extend in the 
endoscope 200 up to a leading end of the endoscope 200. A 
MOS type of image sensor 201 is connected to the leading end 
of the cable 202. The mosaic filter 106 is combined with the 
MOS type of image sensor 201. Also, the prism 109 is mounted 
on the MOS type of image sensor 201. Each of the band-pass 
filters of the mosaic filter 106 corresponds to one of pixels 
in the MOS type of image sensor 201. 

As illustrated in Figure 6, the MOS type of image 



sensor 201 is provided with an imaging surface 31, which 
comprises an array of n*(4/3)n pixels having a square shape. 
The MOS type of image sensor 201 is also provided with a 
horizontal scanning shift register 32, a vertical scanning 
shift register 33, and an output section 34. The MOS type 
of image sensor 201 is a random access type of image sensor. 

In the MOS type of image sensor 201, a region inward 
from a circle inscribed in the peripheral sides of the imaging 
surface 31 is a fluorescence imaging region 35, which is 
utilized for the imaging of the fluorescence. Areas outward 
from the fluorescence imaging region 35 in the imaging surface 
31 are the areas forming a non- imaging region 36. The areas 
forming the non- imaging region 36 other than the fluorescence 
imaging region 35 are blocked by thin metal films, and the 
like. The area of the fluorescence imaging region 35 
occupies 59% of the area of the imaging surface 31. The 
non- imaging region 36 occupies 41% of the area of the imaging 
surface 31. 

Figure 7 is an enlarged explanatory view showing 
part of the MOS type of image sensor 201 of Figure 6. Each 
of pixels 37, 37, ... is constituted of a photodiode 38 for 
performing photoelectric conversion and a MOS transistor 39 
for performing switching operations. The MOS transistor 39 
of each of the pixels 37, 37, ... is connected to the 
horizontal scanning shift register 32 and the vertical 
scanning shift register 33. The MOS transistor 39 is 



switched by an applied pulse so as to output the signal charge, 
which has been accumulated in the photodiode 38 of each pixel 
37, to the output section 34. The output section 34 is 
constituted of (4/3) n number of output MOS transistors 40, 
40, ... 

The cable 202 comprises a driving line 203a, 
through which a driving signal for the MOS type of image sensor 
201 is transmitted, and an output line 203b, through which 
the signals having been read from the MOS type of image sensor 
201 are transmitted. One end of the driving line 203a is 
connected to the driver 210. One end of the output line 203b 
is connected to a signal processing circuit 221 for forming 
pseudo color image signals. The controller 230 is connected 
to respective devices and controls the operation timings. 

The driver 210 constitutes the imaging control 
means of the fluorescence imaging apparatus in accordance 
with the present invention. In the driver 210, information, 
which represents the locations of the fluorescence imaging 
region 35 and the non-imaging region 36 on the MOS type of 
image sensor 201, and reading control procedures have been 
stored previously . 

How the endoscope system, in which the second 
embodiment of the fluorescence imaging apparatus in 
accordance with the present invention is employed, operates 
will be described hereinbelow. 

The excitation light LI is irradiated to the 



measuring site 10 in accordance with a control signal fed 
from the controller 230. When the measuring site 10 is 
exposed to the excitation light LI, the fluorescence L2 is 
produced from the measuring site 10. The fluorescence L2 is 
converged by the objective lens 105 and reflected by the prism 
109. The fluorescence L2 then passes through the mosaic 
filter 106 and is received by the MOS type of image sensor 
201 . 

In the MOS type of image sensor 201, the photodiodes 
38, 38, ... of the pixels 37, 37, ... pho toelec tr ical ly 
convert the incident fluorescence into electric signals in 
accordance with the fluorescence intensities. 

When the signal charges are to be read from the 
MOS type of image sensor 201, firstly, one of the horizontal 
lines is selected by the vertical scanning shift register 
33 . Thereafter, pulses are successively applied from the 
horizontal scanning shift register 32, and the MOS 
transistors 39, 39, ... of the pixels 37, 37, ... arrayed 
in the horizontal direction are switched successively from 
the left toward the right. In this manner, the signal charges 
having been accumulated in the photodiodes 38, 38, ... are 
read successively . 

The driver 210 controls such that, when the signal 
charges are to be read from the MOS type of image sensor 201, 
the pulses are applied via the horizontal scanning shift 
register 32 and the vertical scanning shift register 33 only 



to the pixels falling within the fluorescence imaging region 
35 in order to read the signal charges from the pixels, and 
no pulse is applied to the pixels falling within the 
non- imaging region 36 so as not to read the signal charges 
from the pixels. 

In the signal processing circuit 2 21 , the processes , 
such as correlative double sampling, clamping, blanking, and 
amplification, are performed on the signals, which have been 
read from the pixels 37, 37, ... falling within the 
fluorescence imaging region 35 on the MOS type of image sensor 
201. Thereafter, with respect to each pixel pair, the signal 
intensity B2 of the fluorescence components of the 
fluorescence L2 , which fluorescence components have 
wavelengths falling within the blue wavelength region and 
have passed through the blue band-pass filters 107a, 107a, . . . , 
and the signal intensity W2 of the fluorescence components 
of the fluorescence L2 , which fluorescence components have 
wavelengths falling within the entire measurement wavelength 
region and have passed through the entire wavelength 
band-pass filters 107b, 107b, . . . , are detected. Also, with 
respect to each pixel pair, the color difference matrix 
operations according to the NTSC method are performed by 
utilizing the signal intensity B2 and the signal intensity 
W2 . In this manner, the pseudo luminance signal Y2 and the 
pseudo color difference signals R2-Y2 and B2-Y2, which act 
as the pseudo color image signals, are calculated. 



Thereafter, the operations are performed in the same manner 
as that in the first embodiment described above, and the 
fluorescence image 11 is displayed on the monitor 150 and 
with a pseudo color, such that the display color varies in 
5 accordance with the ratio between the signal intensity W2 

of the fluorescence components, which have wavelengths 
falling within the entire measurement wavelength region, and 
the signal intensity B2 of the fluorescence components, which 
have wavelengths falling within the blue wavelength region. 
ClO As described above, in the second embodiment, only 

SI the signal charges, which have been accumulated in the pixels 

SI 37, 37, ... falling within the fluorescence imaging region 

05 35 that occupies 59% of the area of the imaging surface 31 

= of the MOS type of image sensor 201 acting as the random access 

i1JL5 type of image sensor, are read, and the signal charges, which 

S3 have been accumulated in the pixels 37 , 37 , ... falling within 

H= the non- imaging region 36, are prevented from being read. 

Therefore, the reading time is capable of being reduced to 
approximately 60% of the reading time, which is required when 
20 the signal charges having been accumulated in all of the 

pixels 37, 37, ... of the MOS type of image sensor 201 are 
read. Accordingly, the dark current depending upon the 
reading time is capable of being reduced, and the 
signal - to - noise ratio of the image formed with the imaging 
25 operation is capable of being enhanced. 

An endosVo^e System, in which a third embodiment 
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of the fluorescence imaging apparatus in accordance with the 
presentVnvention is employed, will be described hereinbelow. 
The constitution of the endoscope system, in which the third 
embodiment <yf the fluorescence imaging apparatus in 
accordance witW the ppe^ent invention is employed, is 
approximately identical kwi til the constitution of the 
endoscope system, wjaich the first embodiment of the 

fluorescence imaging apparatus described above is employed. 
Therefore, only different elements are numbered with 
reference numerals in parentheses in Figure 1. 

In the endoscope system, in which the third 
embodiment of the fluorescence imaging apparatus in 
accordance with the present invention is employed, the 
excitation light is irradiated to a measuring site in a living 
body, the excitation light causing the measuring site to 
pj:oduce_ fluorescence. The fluorescence produced from the 
measuring site is detected by a CCD image sensor, which is 
located at a leading end of an endoscope. The thus detected 
fluorescence image is displayed on a monitor and as a pseudo 
color image in accordance with a ratio between signal 
intensities of fluorescence components of the fluorescence, 
which fluorescence components have wavelengths falling 
within predetermined wavelength regions. When the signal 
charges having been accumulated in the CCD image sensor, are 
to be read from the CCD image sensor, the signal charges, 
which have been accumulated in pixels falling within a 



predetermined area of a non- imaging region other than a 
fluorescence imaging region, are read with the quick reading 
operation, wherein the signal charges are read at a reading 
speed higher than the reading speed at which the signal 
charges having been accumulated in pixels falling within the 
fluorescence imaging region are read, and the signal charges, 
which have been accumulated in pixels falling within the other 
area of the non - imaging region , are prevented from being read . 

The endoscope system, in which the third embodiment 
of the fluorescence imaging apparatus in accordance with the 
present invention is employed, is provided with the CCD image 
sensor, which is a charge transfer type of image sensor, at 
the leading end of the endoscope. The endoscope system 
comprises an endoscope 300 to be inserted into a region of 
a patient, which region is considered as being a diseased 
part, and the illuminating unit 110 provided with a light 
source for producing the excitation light. The endoscope 
system also comprises a CCD driver 310 for controlling the 
operations of the CCD image sensor. The endoscope system 
further comprises an image processing unit 320 for performing 
the image processing for displaying the fluorescence image 
as a pseudo color image in accordance with the ratio between 
signal intensities of fluorescence components of the 
fluorescence, which fluorescence components have 
wavelengths falling within predetermined wavelength regions . 
The endoscope system still further comprises a controller 
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330, which controls operation timings. The endoscope system 
also comprises the monitor 150 for displaying the 
fluorescence image . 

The light guide 101 and a cable 302 extend in the 
endoscope 300 up to a leading end of the endoscope 300. A 
CCD image sensor 301 is connected to the leading end of the 
cable 302. The mosaic filter 106 is combined with the CCD 
image sensor 301. Also, the prism 109 is mounted on the CCD 
image sensor 301 . Each of the band-pass filters of the mosaic 
filter 106 corresponds to one of pixels in the CCD image sensor 
301 . 

The CCD image sensor 301 is the interline type of 
CCD image sensor. As illustrated in Figure 8, the CCD image 
sensor 301 is provided with an imaging surface 41, which 
comprises an array of n x (4/3 ) n pixels having a square shape. 
The CCD image sensor 301 is also provided with a horizontal 
shift register 42 and an output circuit 43. The CCD image 
sensor 301 is further. provided with a clearing drain 44 , which 
is connected to an electric power source line. 

In the CCD image sensor 301, a region inward from 
a circle inscribed in the upper, lower, and right sides of 
the imaging surface 41 is a fluorescence imaging region 45, 
which is utilized for the imaging of the fluorescence. An 
area located on the upper right side outward from the 
fluorescence imaging region 45 and an area located on the 
lower right side outward from the fluorescence imaging region 



45 constitute a non-imaging region 46. Also, an area located 
on the left side outward from the fluorescence imaging region 
45 constitutes a non-imaging region 47. The areas forming 
the non-imaging regions 46 and 47 other than the fluorescence 
imaging region 45 are blocked by thin metal films, and the 
like. The area of the fluorescence imaging region 45 
occupies 59% of the area of the imaging surface 41. The 
non-imaging region 46 occupies 8% of the area of the imaging 
surface 41. Also, the non- imaging region 47 occupies 33% of 
the area of the imaging surface 41. 

The horizontal shift register 42 is provided with 
(4/3) n number of horizontal shift CCD's (not shown) . Signal 
charges, which have been prevented from being read at the 
time of the signal charge reading operation and remain in 
the horizontal shift CCD's, are shifted to the clearing drain 
44 . 

The cable 302 comprises a driving line 303a, 
through which a driving signal for the CCD image sensor 301 
is transmitted, and an output line 303b, through which the 
signals having been read from the CCD image sensor 301 are 
transmitted. One end of the driving line 303a is connected 
to the CCD driver 310. One end of the output line 303b is 
connected to a signal processing circuit 321 for forming the 
pseudo color image signals. The controller 330 is connected 
to respective devices and controls the operation timings. 

The CCD driver 310 constitutes the imaging control 



means of the fluorescence imaging apparatus in accordance 
with the present invention. In the CCD driver 310, 
information, which represents the locations of the 
fluorescence imaging region 45 and the non- imaging regions 
46 and 47 on the CCD image sensor 301, and reading control 
procedures have been stored previously. 

How the endoscope system, in which the third 
embodiment of the fluorescence imaging apparatus in 
accordance with the present invention is employed, operates 
will be described hereinbelow. 

The excitation light LI is irradiated to the 
measuring site 10 in accordance with a control signal fed 
from the controller 330. When the measuring site 10 is 
exposed to the excitation light LI, the fluorescence L2 is 
produced from the measuring site 10. The fluorescence L2 is 
converged by the objective lens 105 and reflected by the prism 
109. The fluorescence L2 then passes through the mosaic 
filter 106 and is received by the CCD image sensor 301. 

In the pixels of the CCD image sensor 301, the 
incident fluorescence is photoelectrical ly converted into 
electric signals in accordance with fluorescence 
intensities . 

When the signal charges are to be read from the 
CCD image sensor 301, under the control of the CCD driver 
310, the signal charges having been accumulated in the pixels 
arrayed along one horizontal line are transferred into the 



horizontal shift register 42. In the horizontal shift 
register 42, the signal charges, which have been accumulated 
in the pixels falling within the non-imaging region 46, are 
read at a reading speed 10 times as high as an ordinary reading 
speed. The signal charges, which have been accumulated in 
the pixels falling within the fluorescence imaging region 
45, are read at the ordinary reading speed. Also, the signal 
charges, which have been accumulated in the pixels falling 
within the non- imaging region 47, are prevented from being 
read and remain in the horizontal shift register 42. 

In this state, the signal charges, which have been 
accumulated in the pixels arrayed along the next horizontal 
line, are transferred into the horizontal shift register 42. 
At this time, the signal charges, which have been accumulated 
in the pixels falling within the non-imaging region 47 and 
remain in the horizontal shift register 42, are shifted to 
the clearing drain 44 and are cleared together from the 
clearing drain 44 to the electric power source line. 

In the signal processing circuit 321, the processes, 
such as correlative double sampling, clamping, blanking, and 
amplification, are performed on the signals, which have been 
read from the pixels falling within the fluorescence imaging 
region 45 of the CCD image sensor 301. Thereafter, with 
respect to each pixel pair, the signal intensity B2 of the 
fluorescence components of the fluorescence L2 , which 
fluorescence components have wavelengths falling within the 



blue wavelength region and have passed through the blue 
band-pass filters 107a, 107a, . .., and the signal intensity 
W2 of the fluorescence components of the fluorescence L2 , 
which fluorescence components have wavelengths falling 
within the entire measurement wavelength region and have 
passed through the entire wavelength band-pass filters 107b, 
107b, are detected. Also, with respect to each pixel 

pair, the color difference matrix operations according to 
the NTSC method are performed by utilizing the signal 
intensity B2 and the signal intensity W2 . In this manner, 
the pseudo luminance signal Y2 and the pseudo color difference 
signals R2-Y2 and B2-Y2, which act as the pseudo color image 
signals, are calculated. 

Thereafter, the operations are performed in the 
same manner as that in the first embodiment described above, 
and the fluorescence image 11 is displayed on the monitor 
150 and with a pseudo color, such that the display color varies 
in accordance with the ratio between the signal intensity 
W2 of the fluorescence components, which have wavelengths 
falling within the entire measurement wavelength region, and 
the signal intensity B2 of the fluorescence components, which 
have wavelengths falling within the blue wavelength region. 

As described above, in the third embodiment, the 
signal charges, which have been accumulated in the pixels 
falling within the non-imaging region 46 that occupies 8% 
of the area of the imaging surface 41 of the CCD image sensor 



301, are read with the quick reading operation, and the signal 
charges, which have been accumulated in the pixels falling 
within the non- imaging region 47 that occupies 33% of the 
area of the imaging surface 41 of the CCD image sensor 301, 
are prevented from being read. Therefore, the reading time 
is capable of being shorter than when the signal charges 
having been accumulated in all of the pixels of the CCD image 
sensor 301 are read. Accordingly, the dark current depending 
upon the reading time is capable of being reduced, and the 
signal-to-noise ratio of the image formed with the imaging 
operation is capable of being enhanced. 

In the endoscope system, in which the third 
embodiment of the fluorescence imaging apparatus in 
accordance with the present invention is employed, the 
fluorescence imaging region 45 of the CCD image sensor 301 
is in contact with the right side of the imaging surface 41. 
However, the fluorescence imaging region 45 need not 
necessarily be in contact with the right side of the imaging 
surface 41. It is sufficient for the fluorescence imaging 
region 45 to be located at a position shifted from the center 
position on the imaging surface 41 toward the right side, 
i.e. toward the side corresponding to the output side of the 
horizontal shift register 42. In such cases, the non - imaging 
region 47, for which the signal charge reading need not be 
performed, becomes wider and the reading time is capable of 
being kept shorter than when the fluorescence imaging region 



45 is located at the center position on the imaging surface 
41 . 

Also, in the endoscope system, in which the third 
embodiment of the fluorescence imaging apparatus in 
accordance with the present invention is employed, the signal 
charges, which have been accumulated in the pixels falling 
within the non- imaging region 46 of the CCD image sensor 301, 
are read with the quick reading operation, and the signal 
charges, which have been accumulated in the pixels falling 
within the non-imaging region 47, are cleared. In a 
modification of the third embodiment, the signal charges, 
which have been accumulated in the pixels falling within the 
non- imaging region 46, may be read with the binning reading 
operation, in which the signal charges having been 
accumulated in a plurality of the pixels are added together, 
and the total sum signal charge having been obtained from 
the addition is read. Also, the quick reading operation or 
the binning reading operation need not necessarily be 
performed with respect to the entire non- imaging region 46 
and may be performed with respect to only desired areas of 
the non- imaging region 46. 

Further, the quick reading operation or the binning 
reading operation may be performed with respect to a certain 
area of the non- imaging region 47. Furthermore, the quick 
reading operation may be performed with respect to certain 
areas of the non- imaging region 46 and the non- imaging region 



47, and the binning reading operation may be performed with 
respect to other areas of the non- imaging region 46 and the 
non- imaging region 47. 

The operation for clearing the signal charges need 
not necessarily be performed with respect to the entire area 
of the non- imaging region 47 and may be performed with respect 
to only desired areas of the non- imaging region 47. 
Specifically, it is sufficient for the signal charges, which 
have been prevented from being read with the reading operation 
and remain in the horizontal shift register 42, to be cleared. 



